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[57] ABSTRACT 

Electrostatic latent images are developed in a liquid 
electrophoretic developer, and during the develop 

' ment, developer immediately adjacent the image 
whose toner concentration has become depleted is re 
moved from the image area and replaced by fresh de 
veloper. Images are thereby more fully developed to 
the extent of the electrostatic charge, eliminating edge 
and halo effects that result from incomplete develop 
ment and the preferential attraction of toner to areas 
of higher electrostatic charge over adjacent areas of 
lower charge. 

8 Claims, 7 Drawing Figures 
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LIQUID DEVELOPING APPARATUS FOR 
ELECTROPI-IOTOGRAPHY 

This is a division, of application Ser. No. 234,154, 
?led Mar. l3, I972, now US. Pat. No. 3,808,024 is 
sued Apr. 30, 1974. 

INTRODUCTION AND SUMMARY OF 
INVENTION 

The present invention relates to electrophoretic liq 
uid development of electrostatic latent images such as 
are obtained in the ?eld of electrophotography, and 
more particularly the invention is directed to maintain 
ing an adequate supply of developer toner at the image 
surface, to facilitate complete development of various 
image charge levels, and to minimize or substantially 
eliminate edge effects normally experienced in the de 
velopment of these images. 

In the ?eld of electrophotography the phenomenon 
of edge effect, or the preferential development of the 
peripheral portion of an image charge area, is well 
known. To eliminate or correct this problem, it has 
been proposed to provide a development electrode in 
closely spaced facing relationship with the electrostatic 
image surface to be developed, and to provide liquid 
electrophoretic developer in the space between said 
electrode and surface. However, this method often re 
sults in insufficient developed image density, because 
it is difficult to maintain an adequate supply of fresh 
liquid developer in the very narrow space between the 
development electrode and the image surface to be de 
veloped. The liquid developer consists of colored toner 
particles suspended in an electrically insulating liquid 
vehicle, so that once the toner is exhausted from the 
minute supply of developer in said space, continued ad 
vancement of development is prevented. During the 
development that takes place under these circum 
stances, it will be appreciated that the central portion 
of a high charge area will receive toner until exhaustion 
of the toner supply in that region. At the edge of this 
high charge area however, toner will be received not 
only from developer in the immediate area, but toner 
will also be drawn from the developer in the region of 
an adjacent lesser charge image area. This effect causes 
the border of the high charge image area to be devel 
oped to a greater density than the equally highly 
charged central portion of this image area; and further, 
this action contributes to a halo effect around the high 
charge image area, in that the adjacent lower charge 
portion of the image is grossly underdeveloped because 
it is deprived of toner by the preferential attraction of 
toner from that area to the edge of the high charge 
image area. ' 

It might be assumed'that' continued or prolonged de 
velopment would rectify this situation, in that eventu 
ally suf?cient toner would be deposited over the entire 
highly charged image area to completely satisfy the 
charge and provide a uniform density, and thereafter, 
toner would deposit in the halo area to a density appro 
priate to satisfy the lesser image charge in that area. 
However, prolonged development will not mormally 
rectify the problem, because the developer immedi 
ately adjacent the image surface becomes essentially 
exhausted of toner, thus effectively terminating the de- ‘ 
velopment action. The interfacial adhesion between 
the image surface and the exhausted developer solution 
is such that replacement with fresh developer from the’ 
remaining developer solution is not accomplished even 
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2 
with stirring or agitation of the developer to the extent 
that such agitation can be had without disturbing the 
toner already deposited in image con?guration. 
The purpose of the present invention is to overcome 

the foregoing disadvantages and substantially to elimi 
nate or minimize the described edge and halo effects. 
Basically, the improved results of the present invention 
are accomplished by squeezing the exhausted devel 
oper layer adjacent the latent image carrier surface 
during the development process, whereby the ex 
hausted developer solution is expressed away from the 
latent image surface, enabling fresh developer solution 
to replace the exhausted developer, and thus permit 
ting continued development action. When develop 
ment is caused to continue in this way, the highly 
charged latent image areas fully develop to a uniform 
image density until the charge is completely satis?ed 
with toner, and once this occurs, the adjacent areas of 
lesser image charge develop to an image density appro 
priate to their respective levels of charge. Thus, the 
above-described edge and halo effects are eliminated, 
or signi?cantly reduced. The expressing operation can 
be repeated an appropriate number of times during the 
development process, as may be required to effect full 
development of the electrostatic latent image. 

It is therefore one object of the present invention to 
provide for the replacement of exhausted developer so 
lution with fresh developer solution at the interface be 
tween an electrostatic latent image carrying surface 
and a liquid electrophoretic developer solution. 
Another object of the present invention is to provide 

for said replacement by expressing the exhausted de- ‘ 
veloper solution from adjacent said image carrying sur 
face. 

Still another object of the present invention is to pro~ 
vide for successive expressings of exhausted developer 
solution from adjacent said image carrying surface; to 
effect a substantially complete development of the 
electrostatic latent image. 
Other objects and advantages of the present inven 

tion will become apparent to those skilled in the art 
from a consideration of the following detailed descrip 
tion of exemplary speci?c embodiments of the inven 
tion, had in conjunction with the accompanying draw 
ings, in which like numerals refer to like orcorrespond 
ing parts, and wherein: 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a schematic vertical sectional view of a de 
velopment apparatus embodying the principles of the 
present invention; 
FIG. 2 is a perspective view of an expressing roll used 

in the apparatus of FIG. 1; 
FIGS. 3A-C are fragmentary views of the appratus of 

FIG. 1 illustrating several modi?cations thereof; 
FIG. 4 is a schematic vertical sectional view of an 

other development apparatus embodying the principles 
of the present invention; and 
FIG. 5 is perspective view of a guiding roll used in the 

apparatus of FIG. 4. 

DETAILED DESCRIPTION 

Referring to FIG. 1, tank 13 contains a conventional 
liquid electrophoretic developer 21 comprising toner 
particles suspended in an electrically non-conductive 
liquid. Paired squeeze rolls 14-15, 14’-l5’; and 
14"-15" are mounted in tank 13 for rotation in the di~ 
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rections indicated by the arrows, so that an electropho 
tographic sheet 1 is fed between the paired rolls in the 
direction of arrow 2. Guides 17 and 17’ are provided 
at the two ends of the tank 13 to direct sheet 1 into and 
out of the tank. The electrophotographic sheet 1 hav 
ing an electrostatic latent image on one surface, is di 
rected by guide 17 to pass through the nips of said 
squeeze rolls with the latent image facing upwardly, 
and is then directed by guide 17' upwardly out of the 
container 13. The electrostatic latent image on the sur 
face of sheet 1 may be formed in a conventional man 
ner, as by uniformly charging a photoconductive sur 
face of sheet 1, and then exposing said surface to an op 
tical image to discharge the light struck portion of the 
photoconductive surface. 
A nozzles 16 is provided in advance of each pair of 

squeeze rolls 14-15, 14'-15', and 14"-15" to direct 
liquid developer toward and over the latent image sur 
face of sheet 1. By means of a pump, not shown, liquid 
developer 21 is continuously circulated from the tank 
13 to the nozzles, thereby maintaining a constant sup 
ply of fresh developer ?owing over the latent image 
area. The ?ow of liquid developer from the nozzles 16 
is at a slow rate, since rapid ?ow would tend to deterio 
rate the existing development toner deposit. Said noz 
zles 16 can also be utilized as development electrodes 
by forming them of electroconductive material, and for 
that purpose it is preferable that the nozzles be flanged, 
as at 16a. The rolls 15, 15' and 15" are preferably 
made of electroconductive material in order to ground 
the rear or non-image side of photosensitive sheet 1 as 
the sheet advances through the developer. The rollers 
14, 14’ and 14" which are juxtaposed to the image sur 
face of sheet 1 can be made of electroconductive or in 
sulating material, or can have an electroconductive 
core covered with an insulation layer. These rolls can 
desirably be used as development electrodes to en 
hance the development results. The number of pairs of 
squeeze rolls may vary, as desired. Three pairs are 
shown, but it is suggested that the number may advan 
tageously vary from two to ?ve. 
The preferred shape for rolls 14, 14' and 14” is illus 

trated in detail in the perspective view of one roll 14 in 
FIG. 2. The major portion 14b of the roll has a uniform 
diameter, but the ends of the roll are formed to have a 
slightly larger diameter, providing a small annular 
?ange structure 14a at each end of the roll. The en 
larged diameter at 14a is grossly exaggerated in the 
drawings for illustration purposes, and in practice it is 
found that a radius enlargement between portions 14a 
and 14b is preferably only of the order of about 0.1 
mm. When a sheet 1 passes through the nip of rolls 14 
and 15, the side edges of the sheet 1 are engaged be 
tween end ?anges 14a of roll 14 and the surface of roll 
15. Thus, in the nip of rolls 14-15 the lesser diameter 
portion 14b of the roll 14 is spaced a very small dis 
tance from the image surface of sheet 1. Rolls 14' and 
14" are similar in construction and operation. Rolls l5, 
l5’ and 15” function as backing rolls for rolls 14, 14' 
and 14". Obviously, an endless belt arrangement could 
be substituted for the rolls 15, 15' and 15", if desired. 
Thus, in operation, as sheet 1 with an electrostatic 

latent image thereon enters the developer bath 21, it is 
directed by guide 17 to pass through the nips of the 
squeeze roll pairs 14-15, 14'-15', and 14"-15", and 
then it is de?ected by guide 17’ to pass out of the devel 
oper bath. As the sheet travels through the bath, it 
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passes under the nozzles 16 and is exposed to the devel 
oper flow issuing from these nozzles. The electrostatic 
latent image is partially developed as it passes under 
the first nozzle 16, and the developer solution immedi 
ately adjacent the image surface becomes largely de 
pleted of toner particles. As the sheet proceeds into the 
nip of roll pair 14-15, the close spacing of roll surface 
14b to the image surface squeezes the depleted devel 
oper solution away from the surface of the sheet, so 
that when that portion of the sheet emerges from the 
nip of these rolls, fresh developer solution can again 
contact the image surface of the sheet and the develop 
ment process can continue as the sheet passes under 
the second nozzle 16 and is exposed to the ?ow of de 
veloper solution emerging therefrom. Similar action 
occurs at the nip of roll pair 14'-15’ and the third noz 
zle l6, and again at the nip of roll pair 14"—l5". 
Because of the action of the squeeze rolls 14-15, 

14’14 l5’, and 14"-l5" in removing exhausted or 
toner depleted developer solution from immediately 
adjacent the image surface of the sheet 1 and permit 
ting further effective development action to continue, 
when the sheet 1 emerges from the developer bath 21 
the image thereon is fully developed to maximum den 
sity, or nearly so, for the charge densities thereon. Con 
sequently, for the reasons expressed previously, there 
are no, or very little edge and halo effects in the devel 
oped image. After emerging from the developer bath 
21, the sheet 1 is dried of adhering developer liquid, 
and the toner image is ?xed to the sheet or transferred 
to a receiving sheet in accordance with conventional 
practices in the art. 

In place of the nozzles 16 in FIG. 1, alternative ar 
rangements are shown in FIGS. 3A-C. In the latter 
FIGS. nozzles 16 are replaced by nozzles 19, but the 
squeeze roll arrangement remains the same. FIG. 3A 
shows a modi?cation in which the roll 14 is constantly 
cleaned of deposited toner by spraying the liquid devel 
oper from the nozzle 19 directly onto roll 14. In this 
case, the liquid developer sprayed onto the roll 14 
?ows over the roll into the developer bath to agitate the 
developer solution adjacent the surface of sheet 1. Ob 
viously, the nozzle 19 need not be centered over the 
roll 14, but may be shifted toward one side or the other 
thereof. In FIG. 38 a separate development electrode 
20 is provided between each set of squeeze rolls, and 
the ?ow of liquid developer from the nozzles 19 is di 
rected against these electrodes and de?ected toward 
the nips of the squeeze roll pairs. A further modi?ca 
tion of this arrangement is illustrated in FIG. 3C, in 
which the electrode 20 is provided with sloping sur 
faces to de?ect the developer ?ow from nozzles 19 
more effectively toward the nips of the squeeze roll 
pairs. 
A further embodiment of the invention is shown in 

FIG. 4 which is particularly suited for developing a long 
or inde?nite length web la of photosensitive material, 
in lieu of the short sheet 1 in the FIG. 1 embodiment. 
This embodiment comprises a tank 30 containing con 
ventional electrophoretic liquid developer 31. Rolls 37 
and 38 are mounted adjacent one end of the tank for 
feeding the electrophotographic web la into the tank 
and are preferably provided with electrically insulating 
surfaces. These feed rolls can be wetted with the devel 
oper vehicle free of toner, to effect a prewetting of the 
web la prior to development to prevent deposition of 
toner from simple mechanical absorption of developer. 
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Within tank 30 are positioned three squeeze roll pairs 
42-39, 43-40, and 44—41 which function in the same 
manner as, and correspond to the squeeze roll pairs 
14-15, 14’l4 15', and l4”—15” of FIG. 1. Nozzles 49, 
50, 51 and 52 are also provided to generate a ?ow and 
agitation of developer solution, in the same manner as 
nozzles 16 in FIG. 1, or nozzles 19 in FIGS. 3A-C. 

In addition, tank 30 includes a set of four roll type de 
velopment electrodes 32, 34, 35 and 36. One roll 32 is 
shown in enlarged perspective in FIG. 5. It includes a 
primary cylindrical portion 32b, with enlarged diame 
ter ?anges 32a at each end. These rolls are formed of 
conductive material, to enable them to perform the de 
velopment electrode function. 
As web 1a passes through developer solution 31, its 

photoelectric latent image surface faces upwardly 
toward rolls 32, 34, 35 and 36, and toward rolls 42, 43 
and 44. The longitudinal side edges of the web lie in 
contact with the ?anges 32a of roll 32, and the corre 
sponding end ?anges of rolls 34, 35 and 36. Thus, de 
veloper solution enters in the space between the image 
surface of the web 1a and the surface of the reduced 
diameter portions of the development electrode rolls 
32, 34, 35 and 36. Development proceeds in stages in 
the manner described above with respect to FIG. 1, and 
exhausted developer solution is squeezed from the sur 
face of the web 1a with each pass through the nip of a 
squeeze roll pair. As the web 1a emerges from the de 
velopment tank 30, excess developer solution is re 
moved by press rolls 45 and'46, and the web with its de 
veloped image is then dried and ?xed in a conventional 
manner, with or without transfer of the image to a sepa 
rate receiving sheet, as desired. 
Thus, it will be appreciated that a primary feature of 

the present invention is the periodic removal of ex 
hausted or depleted developer solution from adjacent 
the image surface of the image carrier, and replace 
ment with fresh developer containing an adequate con 
centration of toner particles. In this manner, the elec 
trostatic latent image is caused to develop to the full 
densities represented by the different levels of electro 
static charge thereon, thereby effectively eliminating 
the edge and halo effects ordinarily encountered. The 
foregoing embodiments of the invention are only illus 
trative of the invention, and various modi?cations and 
alternatives will be apparent to those skilled in the art. 
Accordingly, the scope of the present invention is not 
to be construed as limited to these embodiments, but 
as including such modi?cations and alternatives as are 
embraced by the spirit and scope of the appended 
claims. 
What is claimed is: 
1. An apparatus for developing an electrostatic latent 

image on the surface of an image carrier, comprising a 
tank for containing liquid electrophoretic developer 
including a suspension of toner particles in an electri 
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cally insulating liquid vehicle, means for conveying said 
carrier through said tank, and means in said tank for 
removing developer having a depleted toner concentra 
tion from immediately adjacent the image surface of 
said carrier, said depleted toner removing means com 
prising a roll having a cylindrical surface and posi 
tioned adjacent the path of travel of said carrier 
through said tank and located to be closely adjacent the 
image surface of said carrier whereby depleted devel 
oper adjacent said image surface is constrained to 
move away from said surface, said roll having enlarged 
diameter ?anges at its ends for engaging the image sur 
face of said carrier, and thereby de?ning a ?xed spac 
ing between said cylindrical surface and said carrier 
image surface. 

2. An apparatus as set forth in claim 1, and further 
including a backup roll for said ?anged roll. 

3. An apparatus as set forth in claim 2, and further 
including a development electrode located closely ad 
jacent the path of travel of said image carrier. 

4. An apparatus as set forth in claim 3, and further 
including means for agitating the developer. 

5. An apparatus as set forth in claim 4, wherein said 
agitating means includes a nozzle and means for circu 
lating developer from said tank through said nozzle. 

6. An apparatus as set forth in claim 1, and further 
including a development electrode positioned closely 
adjacent the path of travel of said image carrier. 

7. An apparatus for developing an electrostatic latent 
image on the surface of an image carrier, comprising a‘ 
tank for containing liquid electrophoretic developer 
including a suspension of toner particles in an electri 
cally insulating liquid vehicle; means for conveying said 
carrier through said tank; a plurality of toner-depleted 
developer removal means in said tank for removing de 
veloper having a depleted toner concentration from im 
mediately adjacent the image surface of said carrier, 
said toner-depleted developer removing means com 
prising rolls having a cylindrical surface positioned ad 
jacent the path of travel of said carrier through said 
tank and located closely adjacent the image surface of 
said carrier, whereby toner-depleted developer adja 
cent said image surface is constrained to move away 
from said surface; a plurality of development elec 
trodes alternating with said toner-depleted developer 
removal means along the line of travel of said carrier; 
a plurality of nozzles alternating with said toner 
depleted developer removal means along the line of 
travel of said carrier and means for circulating devel 
oper from said tank through said nozzle to expose the 
image surface to a ?ow of fresh developer. 

8. An apparatus as set forth in claim 7 comprising 
?anged nozzles made of electroconductive material 
whereby said nozzles are utilized as development elec 
trodes. 

* * * * * 


